Abstract. Arpiwi NL, Wahyuni IGAS, Muksin IK. 2019. Genetic diversity of Pongamia pinnata in Bali, Indonesia using Inter Simple Sequence Repeat markers. Biodiversitas 20: 2134-2142. Pongamia pinnata (L.) Pierre is a member of family Leguminosae that produces seed oil for biodiesel feedstock. The aim of the present study was to determine genetic diversity of pongamia trees that grow in Bali using Inter Simple Sequence Repeat (ISSR) markers. This study is important to support the breeding program for the improvement of the biodiesel producing species. Leaf samples were taken from 26 pongamia trees grown on northern and southern coastal areas of Bali. Genomic DNA was isolated from fresh leaves sample and was amplified by Polymerase Chain Reaction (PCR) using 9 ISSR primers. The banding patterns of DNA after PCR were scored and tabulated into a binary matrix. Genetic distance was generated by pairwise distance using composite maximum likelihood. A dendrogram was constructed using Unweighted Pair Group Method Arithmetic (UPGMA) method. The binary matrix was further analyzed for Nonmetric Multidimensional Scaling (NMDS) with Primer E V.6 software. DNA concentrations ranged from 98.59-100.55 ng/μL with sufficient quality for PCR. The number of alleles for 9 primers was 43, the number of the polymorphic band was 35, and the number of monomorphic bands was 8. Percentage of polymorphism ranged from 50 to 100%. Cluster analysis of 26 DNA of pongamia trees showed that the trees were grouped into two, namely group I and II. Group I consisted of two trees only, namely Uma Anyar 1 and Penarukan 1. Group II consisted of 24 pongamia trees which were divided into 3 subgroups, namely IIA, IIB, and IIC with close genetic distance. Analysis of NMDS supported cluster analysis that 23 out of 26 pongamia trees had close genetic distance, and possibly they come from a similar source. Genetic diversity of pongamia in Bali needs to be widen possibly by the introduction of new planting materials from across Indonesia or seed procurement from different sources.
INTRODUCTION
Pongamia pinnata (L.) Piere known as pongamia is a plant belonging to the family Leguminosae that has the potential to be used as a raw material for biodiesel and generally grows on the coast naturally (Arpiwi et al. 2013a ). Pongamia cultivation is very important to support the diversification of renewable energy sources, especially biodiesel. One step of development is the selection of pongamia trees to get the best phenotype, which is known as plus tree that can be used as parent trees in vegetative propagation (Kesari et al. 2008) . The conventional selection method, however, is greatly influenced by environmental factors and molecular data such the existence of genetic diversity is important to support breeding for the improvement of the species (Sharma et al. 2011) .
Pongamia is a perennial plant able to grow on critical lands such as infertile and saline soils so that the cultivation of this plant will not compete with fertile agricultural land and will not interfere with the productivity of agricultural crops (Moser 2009 ). In the infertile soil, pongamia is able to absorb free nitrogen from the air through symbiosis with nitrogen-fixing bacteria called Rhizobia (Arpiwi et al. 2013b ). This nitrogen-free fixing ability reduces the need for additional N fertilizer in the growth and development of these plants, thereby saving costs. Pongamia also able to grow on saline soils up to 200 mM NaCl and tolerance to waterlogging with freshwater (Arpiwi et al. 2013a ) which make the species survive in coastal areas, riverbanks, and estuaries. Ecologically, pongamia is capable of living on almost all types of soil including sandy soil, rocky soil, and clay so that it makes it easier to use these critical lands. Its distribution starts from the coast up to an altitude of 1200 meters above sea level, annual rainfall of 500-2500 mm, temperatures above 0 o C to 38 o C Selection of pongamia tree aims to find trees with superior morphological characteristics and with high oil content. In Bali, most of pongamia trees grow on the beach with scatter distribution and very rarely grow in a big group. The only pongamia population found in Bali is in Lovina Beach, Buleleng District, Bali Province, Indonesia. The population is composed at least by 30 mature pongamia trees with oil content ranging from 28-31% (Arpiwi et al. 2017) . The number of pongamia trees in Bali is 126, and most of them are found in the northern coastal part of the island in Buleleng District. Some pongamia trees are found in the South part of the island in a small number. Among those 126 trees, eight trees having superior morphological characteristics are identified as plus trees (Arpiwi et al. 2018) .
Information on genetic diversity of pongamia in Bali is not available. Genetic diversity is the diversity at the level of genes or DNA of a species or population. High genetic diversity will ensure the survival of a species or population because of its wide adaptability (Martín et al. 2012) . One method to determine the genetic diversity of plant species is to use molecular markers such as Inter-Simple Sequence Repeat (ISSR). ISSR markers have been widely used for genetic diversity studies of plant species, such as jatropha (Grativol et al. 2011) , apricot (Kumar et al. 2009 ) and pongamia (Sahoo et al. 2010) . The advantage of this marker is producing many DNA fragments in a single reaction where each fragment is called a locus, fast, simple and inexpensive (Ng and Tan 2015) . Based on the advantages mentioned above, the ISSR markers were chosen to analyze the genetic diversity of Pongamia pinnata that grows along the coast of Bali Island. In Java Island, Indonesia, genetic diversity of pongamia's population is studied using RAPD markers. Among 5 populations studied, 4 populations have a close genetic relationship, and only one population from Baluran has high genetic diversity, and Baluran probably the center of genetic diversity of pongamia in Java Island (Aminah et al. 2017) . In India, genetic diversity of pongamia is assessed using Amplified Fragment Length Polymorphism (AFLP) and Three Endonuclease (TE) AFLP where samples are taken from diverse locations in Delhi. It is found that high genetic diversity of pongamia due to wide ranges of sample locations (Sharma et al. 2011) . Another study about inter and intra population genetic diversity of pongamia in Orrisa, India using ISSR markers concludes an immediate need to widen the base of genetic diversity of the species (Sahoo et al. 2010) . Genetic diversity of pongamia in Bali has never been investigated. Therefore, it is very urgently needed for the conservation strategy and breeding program of the species.
MATERIALS AND METHODS

Leaf sample collection
Fully expanding leaf samples were taken from pongamia trees that grow in several villages in Bali ( Figure  1 ) based on the previous research about conservation and selection of plus trees of Pongamia pinnata by Arpiwi et al. (2018) . In Buleleng, District leaf samples were taken from Penarukan, Pemaron, Kalibukbuk, Temukus, Uma Anyar, Kalisada, Celukan Bawang, Pengulon, and Sumber Klampok. Samples from Denpasar (Pemogan Village, Serangan Village, and Sanur) and Badung District including Tanjung Benoa Village. Total sampling sites were 13 villages and the data about site of sampling locations and GPS coordinates is presented in table 1. Each village was sampled with two trees to give a total of 26 samples. Leaf samples wrapped in aluminum foil, labeled, put in a plastic bag, then stored in a box containing silica gel and then transported to the laboratory.
DNA isolation and quantification
DNA was isolated from the leaves using the DNeasy Plant Mini Kit (Qiagen) according to the protocol suggested by the manufacturer. Fresh leaves samples (100 mg) were crushed using mortar and pestle, which added liquid nitrogen to form fine powder. The powder was put into 1.5 mL Eppendorf tube then added with 400 μL buffer AP1 and 4μL RNase A. The tube was vortexed to mix the buffer and the sample evenly. The mixture was incubated at 65 o C for 10 minutes, while turning it back and forth three times during incubation. Buffer AP2 (130 µL) was added then incubated in ice for 5 minutes and centrifuged at a speed of 14,000 rpm for 5 minutes. The lysate was poured into QIAshredder Mini Spin Column using a micropipette then centrifuged for 2 minutes at 14,000 rpm to form pellet deposit at the bottom of the column. The upper liquid was transferred to a new tube without touching the pellet. Buffer AP3 (1.5 volume) was added to the column then mix using a pipette. The liquid was transferred to DNeasy Mini Spin Column and then place this column in a new 2 μL tube. Buffer AW (500 µL) was added, then centrifuged for 1 minute 8000 rpm. The liquid was discarded then Dneasy Mini Spin Column was transferred into1.5 mL Eppendorf tube. Warm buffer AE ( 100 μL) was added to DNeasy membrane, incubated for 5 minutes at room temperature, then centrifuged for one minute at 8000 rpm. The DNA was collected in 1.5 mL Eppendorf tube and then visualized in 1% agarose gel at 120 volts for 40 minutes. As a size marker, 1 Kb DNA ladder (Axygen) was run in the gel and DNA quality was measured with a Nanodrop spectrophotometer. Polymerase Chain Reaction (PCR) DNA was amplified by Polymerase Chain Reaction (PCR) using ISSR primers (Table 2) based on other researches (Kesari et al. 2010 and Sahoo et al. 2010) The total volume of the mixture for PCR reaction was 20 uL containing 10 μL HotStarTaq Plus Master Mix, 0.5 μL primer, 2 μL DNA template and RNase-Free water is added to a final volume of 20 uL. PCR machine was programmed as follows. Initial activation for 5 minutes at 95 o C, denaturation for 0.5 minutes at 94 o C, annealing for 0.5 minutes at primer's annealing temperature, extension for 1 minute at 72 o C and the last extension for 10 minutes at 72 o C. The PCR product was separated using 1.5% agarose gel with 1X TAE buffer, stained with ethidium bromide and a 100 bp ladder DNA marker (Axygen) was included the gel. Electrophoresis was carried out for 40 minutes at 100 volts. The gel was placed on the UV transilluminator to see DNA banding patterns and then photographed with a digital camera.
Data analysis
DNA bands after PCR were analyzed by counting the number of bands for each primer, the number of alleles, the number of polymorphic bands (bands that were not amplified in all samples), the number of monomorphic bands (bands that amplified in all samples) and percentage of polymorphism. DNA bands were scored and tabulated into a binary matrix, where the present band was scored A, and the absent band scored T. The matrix was aligned and analyzed using MEGA X software. Genetic distance was generated by pairwise distance using composite maximum likelihood. A dendrogram was constructed using Unweighted Pair Group Method Arithmetic (UPGMA) method with 1000 bootstrap replications. The binary matrix of absent and present of DNA bands were further analyzed for Nonmetric Multidimensional Scaling (NMDS) with Primer E V.6 software using Euclidean distance.
RESULTS AND DISCUSSION
DNA quantity and quality DNA concentrations ranged from 98.59-100.55 ng/μL. The quality of DNA was indicated by A260/A280 ratio that ranges from 1.77 to 1.91, and A260/A230 ratio ranged from 1.1 to 7.8 (Table 3 ). According to Weiss et al. (2007) pure DNA has a ratio of A260/A280 range from 1.88 to 2.2 and the ratio of A260/A230 range from 1.5 to 1.8. In this research, the ratio A260/A280 was within the range of pure DNA. However, ratios A260/A230 were mostly higher than the normal range for pure DNA. One DNA sample (Pemogan 2) had a lower ratio A260/A230 of 1.1. According to Demeke and Jenkins (2010) , the ratio of A260/A230 less than 2 indicates contamination of carbohydrate, salt, and organic solvent in the DNA sample. In the present study, although most DNA samples had a higher ratio of A260/A230, the DNA concentrations were high (98.59-100.55 ng/μL), which indicated good DNA quantity. Ramirez et al. (2018) got lower DNA concentration from Theobroma cacao leaves, which is 3.33-37.53 ng/μ using different DNA kit from the present study.
Profile of genomic DNA
In general, pongamia genomic DNA profiles showed bright bands with size higher than 10.000 bp (Figure 2 ). There were 4 DNA having smear bands (samples number 1, 2, 4, and 10), and there was one sample with a blurry band (sample number 3). Smears indicate DNA degradation (Stagnati et al. 2017) . Although there was genomic DNA degradation in 4 samples, the quality of DNA was still good as evidenced by the 260/280 ratio of the samples whose smears ranged from 1.87 to 1.95.
Analysis of polymorphism
Amplification of 26 DNA samples with nine ISSR primers produced DNA banding pattern with the number of alleles, the number of polymorphic and monomorphic bands and percentage of polymorphism (Table 4 ). The number of alleles for nine primers was 43, the number of the polymorphic band was 35, and the number of monomorphic bands was 8. Percentage of polymorphism ranged from 50 to 100%. Among the 9 ISSR primers, UBC 810 produced the highest number of alleles (12) and the number of polymorphic bands (11) with 92% of polymorphism (Figure 3) . The efficiency of molecular markers can be measured by the percentage of polymorphism (Grativol et al. 2011) . Primer UBC 825 produced 100% polymorphism and primers UBC 807, 810 and 826 produced ≥ 80% polymorphism. These markers were efficient in determining the genetic diversity of pongamia. A similar study about the genetic diversity of P. pinnata in India by Sahoo et al. (2010) found a lower percentage of polymorphism (range from 37.50 to 82.35%) using 10 ISSR primers.
Genetic distance
The genetic distance of pongamia trees based on the ISSR markers ranged from 0.000 to 1.324 (Table 5) . Sample Serangan 2 and Celukan Bawang 1 had 0.000 genetic distance suggesting they were identical, while sample Uma Anyar 1 and Tanjung Benoa 2 had 1.324 genetic distance suggesting divergent. 
Cluster analysis
Cluster analysis of 26 DNA of pongamia trees was presented in a dendrogram in Figure 4 . It was shown that the trees were grouped into two, namely group I and II. Group I consisted of two trees only, namely Uma Anyar 1 and Penarukan 1. Group II consisted of 24 pongamia trees which were divided into 3 subgroups at the branch length of 0.20, namely subgroup IIA, IIB, IIC. Subgroup IIA contained 8 trees, namely Temukus 2, Temukus 1, Tanjung Benoa 2, Kalibukbuk 1, Pemaron 2, Penarukan 1, Pemaron 1, and Sumber Klampok 1. Subgroup IIB contained 15 pongamia trees, namely Tanjung Benoa 1, Pemogan 1, Sumber Klampok 2, Celukan Bawang 1, Pengulon 2, Pengulon1, Celukan Bawang 2, Kalisada 2, Kalisada 1, Uma Anyar 2, Serangan 2, Serangan 1, Pemogan 2, Sanur 2, and Sanur 1. Sub group IIC contained one tree, namely Kalibukbuk 2. Subgroup IIC contained one pongamia tree, namely Kalibukbuk 2.
Cluster analysis of pongamia trees into the dendrogram (Figure 4 ) with genetic distance (Table 5 ) gave a clearer picture of their genetic diversity. As can be seen from figure 4 that some pongamia trees were grouped based on growing location with narrow genetic distance (0.0027-0.165). For example: within subgroup IIA, Temukus 1 dan Temukus 2 were grouped with genetic distance 0.165. Within subgroup IIB, Kalisada 1 dan Kalisada 2 were grouped with genetic distance 0.027, Serangan 1 and Serangan 2 with genetic distance 0.027, Sanur 1 and Sanur 2 with genetic distance 0.057. Grouping of trees based on growing location with narrow genetic distance indicates that they have a very close relationship; possibly they come from the same source. There were some pongamia trees from different locations grouped together with small genetic distance. For examples, within subgroup IIA, Tanjung Benoa 2 and Kalibukbuk 1 were grouped with genetic distance 0.092, Penarukan 2 and Pemaron 1 were grouped with genetic distance 0.057. Within subgroup IIB, Sumber Klampok 2 and Celukan Bawang 1 were grouped with genetic distance 0.057. Interestingly, Pengulon 1 and Celukan Bawang 2 grouped with 0.000 genetic distance indicating the trees were genetically similar although they grow at different locations. Trees from northern coast and southern coast of Bali Island were interspersed within subgroup IIA and IIB in figure 4 indicating they were genetically closely related. According to Aminah et al. (2017) , closely related population of pongamia possibly because they come from a similar source.
Narrow genetic distance among pongamia trees in the present study possibly the trees come from similar seed source, where the mode of seed dispersal may able to explain this. As pongamia grow on beaches, they may drop pods to seawater or estuary, and pods travel along the coastal line while dispersing seeds. Under laboratory experiment, pongamia pod can float up to 3 months on saline water without losing seed viability. Seedlings are frequently found growing on beaches (Nakanishi 1988) . In the present study, it is likely that pongamia that grows along northern and southern coast of the island comes from a similar seed source. Therefore the trees had very close genetic relatedness as indicated by small genetic distance. The presence of genetic divergent from view trees, namely Uma Anyar 1, Panarukan 1, Kalibukbuk 2, and Sumber Klampok possibly associated with the mating system of the species (Loveless 1992) . Pongamia pinnata has an explosive pollen release mechanism that requires legitimate pollinators, and this contributes to cross-pollination (Raju and Rao 2006) .
Research about the genetic diversity of 5 pongamia populations in Java island of Indonesia shows that the populations are clustered according to growing locations. Four populations, namely Carita, Batu Karas, Kebumen and Alas Purwo that grow in the south coast have a close genetic relationship while one population, namely Baluran in the north coast has separate from others indicating that Baluran population has the highest genetic diversity (Aminah et al. 2017) . In Bali, most pongamia trees scatter or grow in small groups (Arpiwi et al. 2018) . Therefore, the study of genetic diversity of pongamia in Bali based on individual tree growing in different locations. Analysis of NMDS using Primer E Version 6 to 26 DNA samples from pongamia indicated that 23 samples were clustered into two main groups with the intersection between the two at Euclidean distance of 2.1 ( Figure 5 ). The first group consisted of pongamia trees from Kalisada, Pengulon, Pemogan, Serangan, Sanur, Uma Anyar, Celukan Bawang, Sumber Klampok, and Tanjung Benoa. The second group consisted of pongamia trees from Pemaron, Kalibukbuk, and Penarukan. Trees from Temukus and Pemogan were in the intersection of group I and II indicating they shared common parents. There were some trees grouped based on locations with genetic distance 1.6, such as trees from Temukus, Serangan and Sanur Villages. This results confirmed cluster analysis using MEGA X software (Figure 4) . Figure 4 showed that among 26 pongamia trees studied, only 3 pongamia trees, namely Uma Anyar 1, Penarukan 1, and Kalibukbuk 2 separated from the major group with ranges of genetic distance. Uma Anyar 1 separated with the rest of pongamia trees with genetic distance 0.227-1.324, Penarukan 1 separated with 0.285-1.000 genetic distance, and Kalibukbuk 2 separated with 0.165-1.194 genetic distance. Figure 5 showed that only three trees, namely tree from Uma Anyar, Kalibukbuk, and Sumber Klampok separated from the two groups indicating divergence. This existence of low genetic diversity of pongamia in Bali needs to be widened because high genetic diversity is one of the most important issues in breeding program for improvement of the species (Kesari et al. 2010) . Previous research in India had found a moderate level of genetic diversity of pongamia using ISSR markers (Sahoo et al. 2010 ).
In conclusion, based on the analysis of 26 DNA samples of Pongamia pinnata using 9 ISSR markers showed that most pongamia trees in Bali clustered with narrow genetic distance indicating close genetic relationship probably because they came from the same source. Genetic diversity of pongamia in Bali needs to be widened possibly by the introduction of new planting materials from across Indonesia or seed procurement from different sources.
